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INTRODUCTION
Thrombophilia is a condition that increases the risk of 

thromboembolic events via altered hemostasis, shifting the 
balance in favor of thrombus formation. This condition can 
be inherited or acquired. The most typical form of acquired 
thrombophilia is antiphospholipid antibody syndrome 
(APLS) and this can be detected as a lupus anticoagulant or as 
anticardiolipin antibodies. Inherited forms of thrombophilia 
include deficiencies in one of the three natural anticoagulants: 
antithrombin, proteins C and S, which have been linked to 

familial venous thrombosis. Inherited thrombophilia can 
also be caused by the factor V Leiden mutation, and by the 
prothrombin G20210A mutation, which predispose to dysfunc
tions in natural anticoagulants.

The mutation spectra of inherited thrombophilia in Asian 
patients differ from those in Western countries. Activated 
protein C (APC) resistance caused by a factor V Leiden muta
tion and an increased plasma prothrombin level caused by pro
thrombin G20210A mutation is known to be the most common 
cause of a venous thromboembolism (VTE) in Caucasian ethnic 
groups [1]. However, deficiencies in natural anticoagulants such 
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as protein C, protein S, and antithrombinIII are known to be 
the most common causes of inherited thrombophilia in Asian 
patients [2,3].

In patients with a VTE and thrombophilia, the intensity 
and duration of anticoagulation therapy can help decrease 
the complications and mortality caused by a recurrent VTE; 
however, clinical evidence including randomized con trolled 
trials is insufficient. Moreover, despite several studies on in
herited thrombophilia in Western and in other Asian countries, 
there has been very little analysis on inherited thrombophilia 
in patients with a VTE or arterial thrombo embolism (ATE) 
in Korean patients [4,5]. Therefore, the objective of this study 
was to determine the prevalence of thrombophilia in Korean 
patients with an ATE or VTE, and to evaluate the characteristics 
of the VTE in those with thrombophilia.

METHODS
Between August 2006 and March 2015, 294 patients under

went screening for inherited thrombophilia due to an ATE 
or symptoms associated with a VTE at a single tertiary re
ferral center, and these patients were eligible for this study. 
In general, such screening was performed for the patients 
according to the guidelines of the international consensus 
statement for VTE [1], and for patients with an ATE without a 
definite cause of thromboembolisms. Therefore, such screening 
for thrombophilia was not performed for all patients with an 
ATE or a VTE during the study period. The study was initiated 
after obtaining approval from the Institutional Review Board at 
our institution. The need for informed consent for the review 
of these medical records was not required by the board because 
this was a retrospective study.

All patients were admitted to hospital or presented to our 
outpatient clinic with symptoms associated with an ATE or a 
VTE. Screening for thrombophilia included evaluations of factor 
V Leiden and prothrombin G20210A mutations, measures of the 
levels of protein C (total antigen, activity) and protein S (total 
antigen, free form, activity), the antithrombin level, and the 
presence of APLS (lupus anticoagulant; IgG/M anticardiolipin 
antibodies) at the time of presentation. For evaluating inherited 
thrombophilia, tests for factor V Leiden and prothrombin 
G20210A mutations were performed at the initial presentation, 
and mutation was confirmed if the initial results were positive. 
Factor V Leiden and prothrombin G20210A mutations were 
evaluated using multiplex allelespecific polymerase chain 
reaction amplification. Protein C, protein S, and antithrombin 
levels were also tested at the time of initial presentation. 
However, these tests were usually repeated 2 weeks after the 
discontinuation of 3–6 months of anticoagulation therapy 
because their results are affected by acutestage thrombosis 
and anticoagulant use in most patients. In our series, patients 

with low levels of these proteins at the initial presentation and 
in repeated test after the discontinuation of anticoagulants 
were defined as having deficiencies in these natural anticoa
gulants. For the diagnosis of APLS, the levels of IgG and IgM 
anticardiolipin antibodies, and lupus anticoagulant activity 
were tested at the time of presentation, and repeated at least 12 
weeks apart. The diagnoses were referred to a rheumatologist 
for confirmation.

Outcomes of interest in our study were the prevalence of 
thrombophilia in Korean patients with an ATE or a VTE, and 
the characteristics of the VTE in patients with or without 
thrombophilia. For subgroup analysis in patients with a VTE 
and a deep vein thrombosis (DVT), patients were divided into 2 
groups. Patients without thrombophilia (group I) were defined 
as having normal values for the abovementioned thrombophilia 
tests at the initial presentation or at repeated tests. Patients 
with thrombophilia (group II) were defined as having 
confirmed factor V Leiden or prothrombin mutations at the 
initial laboratory test, or with abnormally low levels of natural 
anticoagulants at repeated tests after temporary cessation of 
anticoagulation therapy, or those confirmed to have APLS. A 
provoked DVT was defined as one occurring in association with 
external risk factors, such as surgery, oral contraceptive use, 
trauma, immobility, or cancer; patients without such known 
factors were defined as having an unprovoked DVT.

Student independent ttests were used to compare the 
differences of age in patients with and without inherited 
thrombophilia (i.e., groups I and II) because age follows normal 
distribution. Categorical variables were subjected to chisquare 
analysis if the sample size was adequate, or Fisher exact test 
if the sample size was small. All tests were twosided and 
assumed significance at P < 0.05. Analyses were performed 
using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA).

RESULTS

Characteristics of patients and thromboembolism 
on admission
A total of 294 patients presented with symptoms associated 

with an ATE or VTE, including two foreign patients with a 
DVT. The mean patient age was 51.4 years (range, 11–86 years), 
and 189 (64.2%) were men. The underlying conditions used for 
screening of thrombophilia were associated with a VTE in 228 
patients and with an ATE in 66. In 228 patients with a VTE, the 
mean age was 51.4 ± 17.1 years (range, 11–86 years) and 135 
(59.2%) were men. The most common presenting disease was 
a DVT in a lower extremity in 152 patients (66.7%) followed by 
mesenteric venous thromboses in 35 (15.4%), superficial venous 
thromboses in 17 (7.5%), chronic venous insufficiency after a 
previous DVT in 17 (7.5%), and a DVT in an upper extremity 
in seven patients. In patients with an ATE, the mean age was 
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51.4 ± 16.8 years (range, 16–86 years), and 54 (82%) were men. 
The most common presenting disease was thromboembolism 
in a lower extremity in 43 patients (65%), followed by throm
boembolism in an upper extremity in 17 (26%), and throm
boembolism in the visceral arteries in six. The mean age was 
not significantly different between patients with VTE or ATE; 
however, male patients were more prevalent in those with an 
ATE (P = 0.001).

Prevalence of inherited thrombophilia
Factor V Leiden mutations were evaluated in all enrolled 

patients and the prothrombin G20210A mutation was tested 
in 33. One of the 2 foreign patients had a factor V Leiden 
mutation; however, this was not found in the 292 Korean 
patients. The prothrombin G20210A mutation was not found in 
any of the patients evaluated.

Natural anticoagulant deficiencies and APLS were also evalu
ated in all 292 Korean patients at the time of presentation. 
Among these, 117 demonstrated normal levels of natural anti
coagulants and markers for APLS, and 175 revealed abnormally 
low levels of natural anticoagulants or positive results for APLS. 
Sixty patients did not receive repeated testing because they 
were lost to followup or for other reasons, and 115 patients 
underwent repeated testing for inherited thrombophilia. 
Among these patients, 59 demonstrated thrombophilia. Protein 
S deficiency was the most common deficiency and was found in 
32 patients (54%) followed by protein C deficiency in 13 patients 

(22%), an antithrombinIII deficiency in 9 patients (15%), and 
APLS in 5 (Fig. 1).

Subgroup analysis in patients with VTE
Among the 226 Korean patients with VTE, 41 did not receive 

repeated testing for inherited or acquired thrombophilia after 
initial abnormal results, so these patients were excluded. 
After exclusion, 130 patients were defined as group I and 55 
patients including those with APLS were defined as group II 
(31 with protein S deficiency; 11 with protein C deficiency; 9 
with antithrombin deficiency; and 4 with APLS; Fig. 1). Detailed 
characteristics of the 2 groups are given in Table 1. Among those 
with a VTE, patients in group II were significantly younger (P = 
0.001) and had a significant family history (P < 0.001) compared 
with group I. Having had a previous VTE was more frequent in 
group II than in group I (P = 0.035).

Subgroup analysis was performed for Korean patients with 
a DVT in a lower extremity. Detailed characteristics of groups 
I and II are listed in Table 2. Patients in group II were signifi
cantly younger (P < 0.001) and had a significant family history 
(P < 0.001) compared with group I. However, having had a 
previous VTE was not significantly different between the 
groups.

DISCUSSION
Inherited thrombophilia is a major risk factor for having 

292 Korean patients tested for natural
anticoagulant deficiency at the time of

presentation

66 Arterial thromboembolism 226 Venous thromboembolism

38 Initial normal findings
9 Follow-up loss
5 Refusal of test
5 Death

9 Repeated test 106 Repeated test

79 Initial normal findings
30 Follow-up loss
11 Refusal of test

5 Patients without
thrombophila

51 Patients without
thrombophilia

4 Patients with thrombophilia 55 Patients with thrombophila

1 Protein S deficiency
2 Protein C deficiency
1 APLS

31 Protein S deficiency
11 Protein C deficiency
9 Antithrombin deficiency
4 APLS

Fig. 1. Flow chart of screening for thrombophilia in Korean patients with venous or arterial thromboembolisms. APLS, anti-
phospholipid antibody syndrome.
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an idiopathic VTE and has a different prevalence between 
various ethnic groups [6]. In Western countries, APC resistance 
caused by factor V Leiden mutation is known to be the most 
common genetic predisposition, accounting for 20% of patients 
with a VTE [1,7]. However, this mutation is extremely rare 
in Asian patients with a VTE [2,8]. The main finding of the 
present study is that a factor V Leiden mutation was not 
found in 292 Korean patients with an ATE or a VTE. This is 
the largest series regarding this mutation in Korean patients 
with thromboembolisms to our knowledge. Importantly, the 
demographic features of our patients differed from the typical 
ones for patients with VTE. In general, the incidence of VTE 
rises exponentially with age and increases dramatically after 
the age of 60 years [9]. In addition, the proportion of patients 
with a provoked VTE ranges from 53% to 74% of firsttime 
cases [9,10]. In our series, a provoked VTE only accounted for 
approximately 30% of the patients, meaning that many of 
our patients presented without specific risk factors for this 
syndrome. In addition, the mean age of patients with a VTE in 
our series was 51.4 years: younger than that reported for ‘classic’ 
cases [9]. Therefore, our patients with VTE can be considered 
as having had a high risk for inherited thrombophilia in 
consideration of their being younger and with a low incidence 
of provoked VTEs. However, we could not find any instance of a 
factor V Leiden mutation. Therefore, we suggest that testing for 
the factor V Leiden mutation in Korean patients with a VTE is 
unnecessary.

In contrast to the APC resistance caused by factor V Leiden 
or prothrombin mutations, natural anticoagulant deficiencies 
are known to be the main causes of inherited thrombophilia 
in Asian populations [25]. Kim et al. [5] reported the frequency 
and mutation spectra of natural anticoagulant deficiencies in 
Korean patients with a VTE. In their series of 71 patients with a 
genetically confirmed natural anticoagulant deficiency, protein 
C deficiency was the most common (n = 36, 51%) followed by 
antithrombin deficiency (n = 21, 30%), and protein S deficiency 
(n = 14, 20%). In contrast to that study, reports based on 
Japanese and Chinese patients with a VTE revealed that protein 
S deficiency was the most common [2,11,12]. In our series, 
protein S deficiency was also the most common deficiency (60%) 
followed by protein C and antithrombin deficiencies. Further 
largescale studies are necessary to define the exact prevalence 
and frequency of natural anticoagulant deficiencies in the 
Korean population.

Some characteristics of patients with VTE are associated 
with thrombophilia. The most consistent finding is that it 
occurs in patients who are younger than those with a VTE 
without thrombophilia [7,13,14]. In addition, a family history 
of thrombosis and spontaneous, recurrent, or lifethreatening 
VTEs have been reported as the main clinical factors that 
increase the risk of thrombophilia [13,15,16]. In our series, 
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Table 1. Characteristics of venous thromboembolism accor-
ding to groups

Characteristic Group I  
(n = 130)

Group II  
(n = 55) P-value

Age (yr) 52.8 (17–86) 43.7 (11–75) 0.001
Male sex 77 (59) 34 (62) 0.743
Presenting disease:
   Superficial 
     thrombophle bitis

14 (11) 2 (4) 0.155

Deep vein thrombosis:
   Lower extremity 84 (65) 36 (66) 0.913
   Upper extremity 5 (4) 1 (2) 0.671
   Mesenteric venous 
     throm bosis

16 (12) 11 (20) 0.176

   Chronic venous 
     insuffici ency

11 (9) 5 (9) >0.999

History of venous 
  thromboembolism

20 (15) 16 (29) 0.031

Provoked venous 
  thromboembolism

40 (31) 16 (29) 0.845

Family history of venous 
  thromboembolism

1 (1) 10 (18) <0.001

Values are presented as mean (range) or number (%). 
Group I, patients without thrombophilia; group II, patients with 
thrombophilia.

Table 2. Characteristics of deep vein thrombosis in a lower 
extremity according to groups

Characteristic Group I  
(n = 84)

Group II  
(n = 36) P-value

Age (yr) 56.2 (17–86) 42.1 (11–75) <0.001
Male sex 49 (58) 21 (58) >0.999
Proximal level of DVT 0.704
   Inferior vena cava 10 (12) 4 (11)
   Iliac vein 31 (37) 12 (33)
   Common femoral vein 11 (13) 8 (22)
   Femoropopliteal vein 32 (37) 12 (33)
Distribution of DVT 0.539
   Right leg 22 (26) 12 (33)
   Left leg 59 (70) 22 (61)
   Both legs 3 (4) 2 (6)
Concomitant pulmonary 
embolisma)

31 (40) 16 (54) 0.202

History of venous throm-
boembolism

12 (14) 8 (22) 0.285

Provoked venous throm-
boembolism

24 (29) 12 (33) 0.602

Family history of venous 
thromboembolism

0 (0) 7 (19) <0.001

Values are presented as mean (range) or number (%).
Group I, patients without thrombophilia; group II, patients with 
thrombophilia; DVT, deep vein thrombosis.
a)Pulmonary embolisms were evaluated for 78 patients in group I 
and 30 patients in group II.
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the characteristics of patients with a VTE and thrombophilia 
were similar to others reported. Being younger and having 
a significant family history were strongly associated with 
thrombophilia.

Several limitations of this study should be acknowledged. 
First, the major limitation was its retrospective nature, 
which could have been subject to selection bias. Testing 
for thrombophilia was provided to patients with suspected 
throm bophilia without definite risk factors for VTE, or to 
young patients. Therefore, features such as provoked throm
bo embolisms could have been affected by this selection bias. 
Second, many subjects were lost to followup for repeated 
testing for thrombophilia after a shortterm discontinuation 
of anticoagulant therapy. This particular limitation prohibits 
us from assessing the exact prevalence and frequency of 
natural anticoagulant deficiency among our patients. Third, our 
definition of natural anticoagulant deficiency was not based on 
genetic sequencing, but was determined from abnormally low 
levels of natural anticoagulants in two test sessions. We tried 
to eliminate the effects of an acute stage and anticoagulants 

by repeated testing after shortterm discontinuation of the 
therapy. However, coagulation test results are known to be 
affected by a variety of factors such as underlying diseases and 
medications, leading to false diagnoses of inherited deficiency 
[17]. Therefore, it is possible that we over or underestimated 
the actual frequency of natural anticoagulant deficiency in our 
series.

In conclusion, we did not find any factor V Leiden mutation 
in Korean subjects with high risk of thrombophilia. Therefore, 
we suggest that such testing is unnecessary for Korean patients 
with a VTE. Protein S deficiency was the most common form of 
inherited thrombophilia in our series. Thrombophilia tended to 
be associated with a VTE in younger patients and family history 
of a VTE.
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